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A process for making plastic siding panels, such as outdoor weatherable vinyl panels with an embossed wood grain pal- 
tern, comprises extruding a vinyl sheet (12) and overlaying. on the extruded sheet a flexible carrier sheet (26) having coated there- 
on (a) matte release layer (24) bonded to the carrier sheet (26) and (b) decorative coating (50, 56) on the matte release layer (24) 
facing toward the extruded plastic sheet (12). An embossing roll (20) applies pressure at elevated temperatures to transfer the de- 
corative coating from the matte release layer and bond it to the extruded sheet, while the embossing roll (20) embosses a "three-di- 
mensional impression pattern (67) in the laminate transferred to the extruded sheet The carrier sheet (26) arid its matte release 
layer (24) are then released from the laminate transferred to the vinyl sheet (12). The matte release layer transfers a low 75 degree 
gloss level, preferably in the range of 8 to 12 gloss units, while enabling free release of the carrier from the embossed low gloss 
surface at elevated temperatures. 
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10 PROCESS FOR MANUFACTURING PLASTIC SIDING PANELS 

WITH OUTDOOR WEATHERABLE EMBOSSED SURFACES 

field of the Invention 

This invention relates to a process for producing an outdoor weatherable plastic siding 
15 panel useful for the surfacing of frame buildings. More particularly, one embodiment of the 

invention relates to a process for transferring a decorative weatherable coating to a 
thermoplastic extrudate and embossing a three-dimensional impression pattern in the resulting 
laminate, to produce a plastic siding panel with a surface resembling natural wood grain. 

20 Background of the Invention 

Tlie present invention will be described with relation to its use in the building and 
construction industry for producing outdoor weatherable plastic siding panels made from 
vinyl (polyvinylchloride or PVC). The following description relating to vinyl siding panels 
is an example of one use of the invention for producing outdoor weatherable embossed 
25 decorative surfaces on extruded plastic sheets. 

Wood, metal and vinyl are materials commonly used as boards or shingles for siding 
in the construction and remodeling of commercial and residential structures. Painted wood 

is perhaps the most aestheticaJUy pleasing of these materials to .the consumer, but wood, 

■ suffers from deterioration byrotting and attack, by insects, rodents and birds. Wood 

30 surfaces need constant reprotection with paint, stains and water sealants. 

J : Advantages of metal over wood include the abflity to provide a bak^^ 
is more resistant to the elements than coatings applied to wood, thus eliminating subsequent 
material and labor costs to the consumer. However, metal-based siding has less thermal 
insulatioh value and is sensitive to scratching and denting by hail and other bldw^ to the 
35 surface. In addition, it does not have the pleasing look of a wood surface. 

Vinyl siding has an economic advantage over most high quality wood and metal 
siding. It has better insulating qualities than metal, and it is more resistant to denting and 
scratching. However, vinyl is sensitive to degradation from ultraviolet rays of the sun and 
has inadequate solvent resistance. Previously, vinyl siding has suffered aesthetically 
40 compared to wood because of the generally higher gloss or uniform sheen of vinyl siding^ 

which has a rather unnatural or plastic look. In addition, it is difficult to decorate vinyl 
surfaces with a natural-looking wood grain pattern that is pleasing to the consumer. 



WO 91/05660 



PCT/US90/O5969 



-2- 

The present invention overcomes the drawbacks of presently available vinyl siding by 
providing a process that economically produces a vinyl-based siding panel with a superior 
outdoor weatherable surface having the look of either a painted wood surface or natural 
unpainted wood grain. 

5 A vinyl siding presently on the market is made by a process in which an extruded 

sheet of PVC is decorated and embossed to produce a wood grain appearance. A 
silicone-coated release paper is used in this process to transfer a printed wood grain pattern 
to the vinyl. Typically, an acrylic clear coat and a color coat with a wood grain pattern are 
coated on the paper carrier sheet and then transfer-laminated onto the vinyl extrusion under 
10 heat and pressure. The wood grain color coat can simulate the appearance of painted or 

unpainted wood. The clear coat and wood grain color coat bond to the extrusion and release 
from the paper carrier sheet so that the clear coat forms a protective outer coating for the 
underlying wood grain color coat. During the transfer process, the release paper is pressed 
into contact with the extrusion by an embossing roll which transfers deep embossments to 
15 the surface of the transferred decorative wood grain: The deep embossments or indentations 

produce a "shadow" effect in the finished surface that more truly resembles the sheen of 
natural wood. Without these embossments, the vinyl wood grain^simulating surface has a 
flat appearance at different light angles — an unnatural look that gives the unsatisfactory 
appearance of a plastic simulated wood panel. * ^ > 
20 There are several drawbacks to this prior jut' process of making vinyl wood grain 

panels. A principal disadvantage is that gloss levels ^rbfluiced by this process are too high. 
Surface gloss can be measured by various techniques; and according to one technique (ASTM 
designation D 3679-86, 5.11), surface gloss levels produced by- the prior art process 
generally have a 75° gloss reading from ibout 40 to "about 50 gloss units. A much lower 
25 matte surface with a gloss reading below about 20 gloss uhits, ! and preferably below about 

^ 12 gloss units, is desirable to produce a more natural looking simulated w66d grain finish. 

In addition to its surface gloss problem, the silicone-coated paper canter sheet of the 
prior art can prevent carefully controlled printing of the decorative coatings. ^The carrier 
sheet also should release freely from the decorative layer transferred to the extruded vinyl 
30 sheet. Transfer of the decorative wood grain layer to the vinyl sheet takes place at higji 

, temperatures, since the decorative coating may be transferred to the heated vinyl extrusion 
immediately after it exits the extruder die opening: The vinyl sheet is also embossed when 
the wood grain coat is transferred, and embossing temperatures should be high in order to 
physically form the embossments. A substantial reduction in temperature of the vinyl 
35 extrusion prior to embossing can inhibit forming the deep embossments. If the transferred 

wood grain coat has a highly roughened surface, in order to produce lowier gloss, the surface 
roughness can interfere with proper release of the carrier sheet. At the high transfer and 
embossing temperatures, certain coatings on the carrier sheet can preferentially adhere to the 
carrier rather than properly releasing from it 
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The decorative coatings transferred to a vimrt sheet to provide a wood grain or other 
surface finish alsp should protect the underlying vinyl panel from UV degradation, 
delamination, and other weather problems. 

Thus, there is a need for a process for manufacturing decorative wood grain vinyl 
5 sheets with a sufficiently low gloss surface to resemble the appearance of natural wood grain, 

painted or unpainted. In a transfer process in which the wood grain coating, is printed on 
a carrier and transferred from the carrier to a vinyl extrusion, while the vinyl is being deeply 
embossed, there is a need, to ensure that the decorative wood grain coat properly releases 

from the. carrier and bonds to the, vinyl. The deep embossing step must not be adversely 

10 _ affected; Ae low matte surface of the decorative wood grain must not adversely affect proper 

release from, the carrier; and these steps must be carried out at the high temperatures and 
pressures necessary for proper embossing. . .. 
,. , , , One aspect of this indention provides a process for making decorative wood grain 
^extruded vinyl sheeting suitable for outdoor use, in which the surface of the decorative wood 
15 grain has a sufficiently low gloss to resemble natural wood grain. The decorative wood 

grain surface can be deeply embossed to produce a natural looking surface. The low gloss 
wood grain coat transfers to an extruded vinyl sheet and properly bonds to i, the vinyl 
extrusion, while the carrier on which it is coated properly releases from the transferred 
decorative surface at elevated temperatures. ~ The invention also provides extruded plastic 
20 siding panels with weatherable- decorative surface coatings that inhibit , long term UV 

~ v deterioration and del^nation problems. f : , ( } 

Summary of the Invention - : ,^ lt - 

. [ : Briefly, one embodiment of this invention provides a process which includes extruding 
25 Vl ... * : a plastic sheet and; overlaying on the extruded sheet a flexible carrier film having (a) a matte 
release layer bonded to the carrier and : (b) a decorative, coating on the matte release layer 
r facing toward the extruded plastic sheet. The matte release layer is.a chemical matte coating 
. having a low gloss matting agent.dispersed in it. . Pressure is applied to the carrier and the 
heated , extruded sheet with an .embossing rol? on the side of the carrier opposite from the 
30 , • extrusion. This transfers the decorative coating from the matte release layer and bonds it to 

the surface of the extruded sheet, while, deep three dimensional impressions are embossed 
t - in thejputer surface of the decorative coating transferred to the extrusion. The matte release 
layer transfers a low surface- gloss to the outer surface of the decorative coating sufficient 
to resemble natural wood grain. The matte release layer contains a release .agent* which 
35 -freely releases die, release Mated, carrier from the embossed, low gloss surface of the 

decorative coating. - .... . . . 

,.\ In one embodiment of the process, a wood grain printed coating is ; simultaneously 
; transferred to the extrusion and embossed in a three dimensional wood grain texture. The 
extrusion is maintained at a controlled high temperature to facilitate embossing the three- 
40 dimensional impressions which are then permanently set by a controlled temperature 
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reduction which also improves release of the carrier sheet and its matte release Spat from the 
embossed wood grain laminate. 

A preferred outdoor weatherable coating transferred to the extrusion comprises an 
acrylic/fluoropolymer blended clear coat and an underlying printed wood grain decorative 
5 layer. Good results are obtained when a cast fluoropolymer resin is used in an underlying 

color coat of the printed wood grain pattern. A pigmented color coat is especially useful in 
preventing UV degradation and delamination of the clear coat/color coat paint layers from 
: an extruded vinyl substrate. 

These and other aspects of the invention will be more fully understood by referring 
10 to the follbwing detailed description and the accoinpariying drawings. 
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Brief Description of the Drawings 

FIG. 1 is a schematic diagram illustrating an in-line decorative transfer and embossing 
step in a process for making extruded plastic siding panels with embossed decorative wood 
grain surfaces according to principles of this invention; . 
5 . FIG. 2 is a schematic diagram illustrating a first step in die process; 

FIG. 3 is a schematic diagram illustrating a second step in die process, prior to the 
decorative transfer and embossing step; . ^, 

FIG. 4 is a schematic cross-sectional view illustrating components of one embodiment 
: of a decorative wood grain foil according to this invention; 
0 FIG. 5 is a schematic cross-sectipnal view illustrating components ofa finished plastic 

siding panel; and 

FIG. 6 is a schematic cross-sectional view illustrating components of another 
embodiment of a decorative wood grain foil that retards UV degradation according to the 
principles of this invention. 
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Detailed Description " 

FIG. 1 schematically illustrates one embodiment of a process for making extruded 
plastic siding panels with embossed decorative wood grain surfaces. The process is useful 
in the manufacture of outdoor weatherable embossed plastic siding panels used for the 

5 v surfacing of frame buildings or other outdoor structures. The invention will be described 

in relation to its use in the manufacture of extruded vinyl(PVC) siding panels, although the 
invention is equally applicable to the manufacture of panels made from other extrudable 
plastic substrate materials such as polystyrene, acrylonitrile-butadiene-styrene (ABS), nylon, 
ethylene-vinyl acetate (EVA), polycarbonate, polyethylene, polypropylene, polyethylene 

10 terepthalate, thermoplastic olefins, acrylonitrile-styrene-acrylic (ASA), and alloys, blends or 

coextrusions of these resins. 

The process solves the problem of forming outdoor weatherable surfaces closely 
resembling natural wood grain on extruded plastic sheets. Exterior surfaces produced by the 
invention have the look of either painted or unpainted wood. ' j 

15 Referring briefly to FIG. 1, a painted wood-like plastic siding panel is produced by 

a dry paint transfer and embossing process in which a transfer laminate in the form of a 
decorative wood grain foil 10 is transferred to a surface of a thin, flexible extruded plastic 
sheet or film 12 which is continuously extruded from thfe exit die opening of an extruder 14 
using conventional plastic extrusion techniques. : '° 

20 The decorative foil is made by a multistage coating process described below and 

illustrated in FIGS. 2 and 3. The wood grain printed -foil includes multiple synthetic 
resinous paint coats printed or cast on a temporary flexible carrier sheet. The resinous paint 
coats are molecularly unoriented in the sense that they are cast or roller coated on the carrier 
or casting sheet. The wood grain-printed transfer fofi ? produced by the coating process is 

25 installed as a supply roll 16 in the transfer and embossing process depicted in FIG;- IV- The 

plastic sheet 12 continuously extruded from the extruder 14 and* the- foil 10 unwound from 
the roll 16 are passed through the nip of a decorative transfer and embossing station 18 
which includes a naetal embossing roller 20 and a rubber backup roller 21; A multilayer 
wood grain-printed synthetic resinous coating is simultaneously transferred from the foil 

30 carrier to the surface of the extrudate while a three-dimensional wood grain texture is 

embossed in the surface of the laminate. The transferred coating is an outdoor weatherable 
multilayer synthetic resinous coating that simulates the -appearance 1 of natural : wood ' grain, 
1 painted or unpainted. Following the embossing step^ the temporary carrier sheet portion 26 
of the foil is then stripped away and wound on a carrier-take off roll 23. Further steps in 

35 the process are described below. ^ ; v r ^ 3 

In one embodiment in which the process is used for the production of vinyl siding, 
the extruded sheet 12 preferably comprises an impact-modified PVC suspension resin. In 
one embodiment, the extruded vinyl sheet material contains a pigment that forms the 
background color for the finished siding panel. The extruded sheet is preferably extruded 

40 to a uniform film thickness from about 30 to about 80 mils and is extruded from the die exit 

opening at a temperature from about 385° to about 400 °F. The transfer and embossing 
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station 18 is located sufficiently close to the extruder die opening so -that the< extrusion is 
embossed, using the heat of extrusion at elevated temperatures sufficient to form deep 
three-dimensional embossments in the laminated extrusion. In one embodiment, the 
embossing roller is located a distanced about five inches downstream from the extruder die 
5 exit opening. This maintains the temperature of the extruded film during transfer and 

embossing near its natural extruder die exit temperature. By embossing at such elevated 
temperatures, the natural temperature drop of the extrusion which occurs after it exits* the 
extruder die opening is sufficiently limited so the embossments can be formed in the pliable 
sheet without requiring reheating of the extrusion prior to embossing. , . . : , 
10 f The metal embossing roller 20 has a pattern of surface protrusions for simulating the 

texture and pattern of a natural wood grain surface. The embossing roller applies pressure 
,to the foil to transfer the wood grain simulating coating to the extrusion 12, while embossing 
; three-dimensional indentations in the : exterior of the decorative coating transferred to the 
extrusion. By maintaining the embossing temperature of the extrudate substantially near its 
15 temperature at the extruder die opening, the extrusion is sufficiently pliable that embossed 

indentations are permanently formed in the transferred decorative layer. , . , 

j*. ...... . The transfer process <dso produces a low gloss surface on the transferred decorative 

wood grain coating which, c»mbined^with the embossments formed in the coating, closely 
resembles the appearance of a natural wood grain surface. .; ? The low gloss surface is 
20 ( transferred by replicating the surface of =a matte release coat adhered %p the, temporary carrier 
, ,*film. Details of the techniques ^ for ( fojmin^ the low gloss surface on the transferred wood 

gr^am coat are more fully understood by the description to follow. , 7 
;.;-*..,.*■ v , FIG. 2 schematically illustrates a: first step in a coating process for -forming the 
■ : ; : decorative wood grain .,foU. :v _ Systematically illustrates, a second step in the coating 
25 ^ 7 process; for making the foil.. : ^Q- 4; is a schematic , cross-sectional view illustrating 
, /. components of the decorative foil during its use ; in the transfer and embossing step of the 
.process.,; -_ v \ : •-. - - : ^ :: ^^ -. r t *. . : 

Referring to FIG.- 2, a firststep in the process includes coating a matte release coat 
24 in thin film form onto a surface of the flexible, foldable, heat-resistant, substantially 
30 inelastic, self-supporting temporary earner film 26. The carrier is preferably an oriented 

b polyester casting film such as Mylar, (a trademark of DuPont), Hoechst Celanese Hostaphan 
* 200Q. polyester film, or the like. The film thickness of the carrier sheet is less than. one mil, 
and is preferably about 0.48 to about 0.75 mil thick. Since the wood grain-printed coat on 
the carrier is embossed through the depth of the carrier, film, the carrier film does not have 
35 a thickness which inhibits forming the embossed three-dimensional impressions in the wood 

* ■ grain printed, coat. : The, cairier film also has a film thickness which provides sufficient 
strength: to permit its release from die wood grain-printed coat at the elevated temperatures 
•described below. j . . [ : • ' r. - -V ; 

* . The carrier film 26 is contained on a supply roll; 28 from which the carrier is 

40 unwound, passed around an idler roller 30, and then passed to a gravure print station 32 

where the matte release coat 24 is gravure-coated onto the: carrier film by a conventional 
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gravure cylinder. The carrier film containing the matte release coat 24 is then passed 
through a first drying oven 34, preferably a 20-foot long impinging air oven operated at a 
temperature from about 325° to about 350°F, sufficient for drying and cross-linking the 
matte release coat. In the first stage drying oven, the matte release coat is sufficiently 

5 cross-linked to permanently bond it 'to the carrier sheet. Preferably, the matte release coat 

is coated and dried to produce a coat weight (dry) from about 3 to about 5 gr/m\ The 
carrier containing the matte release coat '24 which has been dried and cross-linked exits the 
first stage oven 34 and is then passed to a reverse-roll coater station 36 for coating an 
outdoor weatherable protective clear coat or top coat 38 onto the dried matte release coat. 

10 The top coat is preferably transparent, although it can be pigmented* but in this case, it is 

preferred that any pigmentation be at a sufficiently low level that underlying print coats are 
visible through the top coat. The cast top coat 38 is then passed to a second drying oven 
40, preferably a 120-foot long impinging air oven. This oven can be in multiple stages 
with drying zones of different controlled temperatures, depending upon the drying 

15 characteristics of the top coat. Preferably, a cast top coat comprising an 

acrylic/pblyvinylidene fluoride blend, described below, is dried and fused at an oven air 
temperature of about 340 °F to form a weatherable clear coat oii the matte release film. 

The dried, clear-coated film 41 is removed from the second drying oven 40 and 
-wound onto a rewind roll 42 at the output of the' first coating stage. 

20 The dried, coated film 41 produced from the first coating stage is then removed and 

installed at an unwind station 44 of a second coating stage schematically illustrated in FIG. 
3 . In the second stage coating system, the clear-coated side of the film 4 1 is gravure printed 
with a series of synthetic resinous print coats to provide a selected wood grain print pattern 
on the film. FIG. 3 is an example of one embodiment in which the clear-coated side of the 

25 film is printed with a series of two wood grain print coats, follov/ed by a size coat for use 

in later bonding the decorative foil to the extruded sheet- 12 during the transfer and 
- embossing stage of ihe process! . ! 

Referring to FIG. 3, the dried, coated film 41 passes from the unwind roll 44 through 
a tension-control stage 46, after which the foil passes to a first wood grain print station 48 

30 where a first synthetic resinous wood grain ink is gravure-printed onto the clear coated side 

of the foil. This forms a first wood grain print coat 50 on the exterior of the foiL The first 
print coat is typically in a discontinuous wood grain print pattern. The foil is then passed 
to a first drying oven 52 for drying the first wood grain print coat 50 at an air temperature 
of about 250 °F. 

35 The foil then travels to a second gravure print station 54 for printing a second 

synthetic resinous wood grain ink pattern on the foil: This forms a second wood grain print 
coat 56 on the dried first print coat 50. r The foil is then passed to a second drying oven 58, 
also operated at an air temperature of about 250 °F for drying the second print coat. 

In the illustrated embodiment, two wood grain print stages are shoWn, although 

40 further wood grain print coats or continuous color coats and corresponding drying steps can 

be used, depending upon the desired print pattern. The wood grain inks used in the 
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illustxated print coats comprise a pigmented synthetic resinous coating composition which can 
be, coated in thin-film form in a discontinuous ;print pattern onto the surface of the cast top 
coat by conventional coating techniques. The wood grain coatings can be produced by any 
conventional pigmented lacquer, typically blended with a suitable solvent and containing a 
5 pigment dispersion to provide the desired coloration, pigmentation for the underlying color 

of the wood grain-simulating panel can be cpntained in the extruded vinyl sheet; however, 
pigmentation for the wood grain print.coats, such as by an underlying color coat described 
below, makes it possible to avoid use of larger, more costly amounts of pigment in thevinyl 
extrusion.,- . 

10 The wood grain print coats can be formulated from a thermoplastic synthetic resinous 

coating composition containing an acrylic resin, such as polymethylmethacrylate or 
v polyethylmethacrylate, pr mixtures thereof, including methacrylate copolymer resins and 
minor amounts of other comonomers; pr the print cqats can be made from a fluoropolymer 
: resin, such as polyvinyl idene fluoride (RVDE) or polyvinyl fluoride (PVF); or the print coats 
15 , can be formulated of blends of fluoropolymer and acrylic resins. The level of pigmentation 

. , in the coating.can g range up to about 40% by ;Vplume, ; depending upon the depth of color 
needed for the particular wood grain pattern being printed. However, less than about 10% * 
pigment by volume is preferred. :The dry coat weight of the wood grain print coats ranges 
from about 0.1 to about : 2 ^/m^ .Jgxample 6 below describes in more detail the pigments 
20 ; . that can be used in the ; .wood grain print^ . t , , 

■ r ; ^ /^PrF^S'ag?^ wood grain print coats passes < 

-frpm the second drying oyen v 58 to, a grayure print station 60 where a size coat .62 is coated 
f[ , on the dried second ^yood graii^print coat. : (If additional color coats are used, then the size 
: coat is coated qn:&e/finished^ The size coat is ,then passed through an 

25 , impinging air. oven 64 operated at a temperature of about 250?F for .drying the size coat. 

The size coat is applied using a grayure cylinder and can contain pigment up to about25% 
by volume, although less than 10% by volume is preferred. The dried coat-weight of the 
. . : size.coat ranges from about 1 to about 3 gr/m 2 , r 

, * The size coat , 62 : comprises . any-, of various suitable coating compositions toproyide 
30 ; a<lhesipn of the decorative foU 7 tq the - 

step carried out later during^the. process., The size coat preferably, comprises a suitable 
. thermoplastic resinous material, such as an acrylic resin. In one. embodiment, the size coat 
f comprises a polymethylmethacrylate or, polyethylmethacrylate-containing resin. Sucb a size 
coat formulation is sufficient for providing a good bond to an extrusion made from a PVC 
35 - resin. ... - , _ , . - - 

In certain instances in which a backing sheet may be made from a thermoplastic olefin 
,-: such as polypropylene or polyethylene, a different size coat can be used. In this instance, 
the size coat is preferably made from a coating composition of a solution of a thermoplastic 
chlorinated polyolefin : (CPO). A preferred CPO size coat preferably is a chlorinated 
40 polypropylene or chlorinated polyethylene, in which the.coating composition contains about 
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10% to about 60% by weight of the CPO, and correspondingly, about 50% to about 90% 
by weight solvent. 

Following drying of the size coat 62, the foil exits the drying oven 64 and is passed 
through a second tension control system 66 prior to being wound on a supply roll 67. The 
5 completed foil is then removed from the second coating system and installed at the unwind 

station 16 of the extruder-laminator shown in FIG. 1. 

FIG. 6 shows an embodiment in which a continuous color coat 80 is cast on the dried 
print coat to provide background color for the decorative wood grain coating. The color coat 
80 contains a sufficient level of pigment to improve resistance to UV degradation of the vinyl 
10 sheet and resulting delamination, as described in more detail below. The color coat 80 

preferably comprises a coating containing a fluoropblymer resin; A cast, weatherable color 
coat containing PVDF is preferred; in one embodiment, the color coat contains a blend of 
PVDF and an acrylic resin, such as polymethylmethacrylate" or polyethylmethacrylate. 
Coloration can be produced with pigments comprising mixed metal oxides (MMO's), 
15 although organic pigments also may tie used. 

Referring again to FIG. 1, during the transfer-embossing step, the wood grain printed 
transfer foil 10 is fed to the nip of the embossing roll 20 so that the carrier film 26 is in 
pressure contact with the metal embossing roller" and the size coat 62 on the foil is in 
pressure contact with the extruded plastic film 12. The embossing roll 20 imprints a three- 
20 dimensional pattern of impressions 67 (see FIG. 5) in the outer surface of the top coat 38. 

Embossing is done through the depth of the carrier film 26. Since" embossing is carried out 
when the extruded sheet 12 is at a temperature below, but reasonably close to, its extrusion 
die exit temperature, the extrusion is sufficiently pliable to facilitate embossing deep three- 
dimensional impressions (up to an average depth of about 120 microns) through the carrier 
25 film and into the depth of the top coat 38 on the surface of the extruded sheet. The carrier 

film is sufficiently thin (about 0:48 to about p;75 mil) to cause the metal embossing roller 
pattern to be physically transferred through the carrier film to the top coat, while still 
: maintaining a carrier film strength sufficient to be hot stripped from the embossed top coat 
1 at the stripping station 23 downstream from the embossing station 18. 
30 When the decorative foil is pressed into contact with the extruded sheet, the extrusion 

temperature is also sufficiently elevated to bond the foil to the extruded sheet. The polyester 
carrier sheet has a heat resistance well above the extrusion die exit temperature, so the 
carrier resists elongation or deformation during the transfer and embossing step. 

r Following the embossing and transfer step, the flexible, laminated extruded film 68 
35 (see FIG. 1) undergoes controlled cooling from the nip of the embossing roll to the point 

where the carrier is stripped from the laminate. A series of water-cooled chill rollers 70 
produce a controlled temperature reduction in the laminate 68. The laminate is cooled to a 
temperature in the range from about 295° to about 340°F occurring at the point where the 
1 carrier film 26 is stripped from the laminate. The preferred stripping temperature is 308°F. 
40 Cooling to the lower temperature also sets the impressions embossed in the laminate. If the 
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temperature stays too high, flowability of the laminate can cause the impressions, to smooth 
out.' The temperature drop also enhances freely removing the carrier from the laminate. 

The matte release coat 24, .which has been cross-linked and permanently bonded to 
the carrier sheet 26, remains adhered to the carrier film during die stripping process. The 
matte release coat has a chemical matte outer surface with a micro-roughness which transfers 
a low gloss surface 71 (see FIG. 5) to the top coat. The micro-roughness of the matte coat 
is replicated to transfer a sufficiently low gloss to resemble the appearance of natural wood 
grain. However, other gloss levels also can be produced. The formulation of the matte 
release (Mat (described below) provides a combination of the desired low gloss surface, 
, together with a smooth '.or free release ; pf the . earner sheet from die replicated low gloss 
surface at elevated stripping temperatures. 

Following striping of the carrier sheet, the decorated, embossed sheet 72 passes from 
. me cooling rolls 70 to a forming statipn 74 using forming dies to shape the edges of the 
. sheet and punch mounting holes at desjred intervals. Further cooling occurs between 
15 stripping of the carrier and the forming station. The formed sheet is then passed to a cutting 

station 76 for cutting the. sheet into separate panels. A finished panel 78 is illustrated 
, schematically in FIG". 5.. " 

. T*® maiie^ release coat formulation comprises a coating which can be applied to me 
n .carrier, by conventional L casting techniques, such m-xx^ t c^^.JTi» m 'mi^ni'oo^&Bg' 
9 composition is a Aemosetting. resinous material which, when exposed to heat for drying it, 
also CTossiinks and permanently bonds "as a surface film adhered to rtoe earner, sheet. The 
solids contained in the < matt^'^ea»Jcpat' preferably include, as a principal, component, one 
or more cf P^pk" 1 ? agents to provide good adhesion of the dried crosslinked coating to the 
polyester carrier film. In! pne embodiment, the matte release coat formulation includes a 
25 ... Primary crosslinking resin sucb^ as. a vinyl resin, that bonds to the polyester film. A suitable 
yjW 1 resin M molecular, weight vinylchloride-vinylacetate resin known as VAGH, 

described in more detail in Example 1 below. This vinyl resin.can be.present in an.amount 
up to about 20% of the totaj solids in the matte release coat. In addition,. the matte release 
coat can include a secondary crpsslinking resin to improve release of the clear- coat from the 
30 matte release coat. In one embodiment, die secondary crosslinking resin can be an acrylic 

. modified alkyd resin such as the resin known as Cbempol 13 1501 also described in more 
, detail in Example 1 . This secondary crosslinking resin comprises from .about,. 1 % to. about 
15% of die total solids of die matte release coat. The matte, release coat further includes a 
. suitable catalyst for accelerating the crpsslinking process, typically, comprising from about 
35 l % to 2% of the total solids in the matte release coat. \ - . 

.^ e ^P?^ : , COIn P one n ts of the matte release coat composition are mixed with 
suitable solvents. In one embodiment, the resins are mixed with a primary resin solvent such 
as methyl isobutyl ketone (MffiK) which comprises about 65% to about 85% of the total 
solvent in the formulation. A secondary resin solvent such as isopropyl alcohol (IPOH) is 
40 useful in retarding crosslinking of the resins in solution. The secondary resin solvent 

preferably comprises from about 5% to about 20% of the total of solvent. 
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The matte release coat formulation is prepared by dissolving the primary crosslinking 
resin in the primary and secondary resin solvents by mixing and then adding the secondary 
crosslinking resin, together with a primary matting agent, preferably in the form of a filler 
comprising a fine particulate inert inorganic material. In one embodiment, the filler 

5 comprises aluminum silicate with an average particle size of about 4.8 microns. The fdler 

contained in the formulation comprises up to about 25% of the total solids in the matte 
release coat. The fine particulate filler is thoroughly dispersed in the resin and resin solvent 
blend, preferably under elevated temperatures from about 100° to about 120°F. 

In use, when the matte release layer dries and cross-links, it forms a chemical matte 

10 coating on the surface of the carrier sheet. The matte surface is controlled by the amount 

and particle size of the filler. The fine particles project through the dried exterior surface 
of the matte release coat to form, on a microscopic scale, a surface with a microrroughness 
that transfers to the surface of the dried top coat a replicated micro-roughness that produces 
light-scattering, resulting in a low surface gloss on the top coat. 

15 The matte release coat formulation also includes a release agent to enhance freely 

releasing the carrier and its matte release coat from the top coat during the transfer process. 
The release agent preferably includes a wax component such as a polyethylene wax which 
melts at elevated temperatures to allow easy hot release of the release coat. The wax 
component is normally suspended in the matte release coat at temperatures below the 

20 transfer-embossing temperature; and the wax component, in its suspended or particulate 

form, acts as a matte agent to enhance transfer of the low surface gloss to the clear coat. 
The temperature of the extrusion at the transfer-en^sslug point of the process heats the 
laminate (including the release coat) to melt the wax sufficiently for it to enhance the release 
properties of the matte release coat. Preferably, the pelting point of the wax is below the 

25 temperature at which the release-coated carrier is stripped from the iaiminate. In a preferred 

polyethylene wax known as Shamrock S-381-N1 (described in Example 1 below), the melting 
point of the wax is about 206 °F. Stripping of the release-coated carrier is preferably carried 
out at temperatures more than about 80 °F above tbe melting point of the wax, to enhance 
release properties. The wax, which melts at relatively higher temperatures as it dries, can 

30 have a crystalline or semi-crystalline structure; the wax, at relatively lower temperatures, is 

believed to crystallize and reform particles which affect the matte transferred/to the laminate. 
In one preferred form of die release coat formulation, the polyethylene wax comprises from 
about 12% to about 25% of the solids contained in the matte release coat. 

The release agent contained in the matte release coat formulation further includes a 

35 silicone resin component which combines with the polyethylene wax to enhance free release 

of the clear coat from the matte release coat at elevated temperatures. In one embodiment, 
the silicone resin comprises from about 2.5% to about 25% of the solids contained in the 
matte release coat formulation. Release is improved and lower gloss is transferred when the 
wax and silicone resin are used in combination in the matte release coat. 
40 In one embodiment, the clear coat or top coat 38 is a transparent, or substantially 

transparent, thermoplastic synthetic resinous coating composition. The preferred dry film 
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thickness of the top coat is about 0.3 to about 1.5 mils. Preferably, the top coat lacquer 
formulation produces a dry film form exterior outdoor weatherable coating having desired 
properties of hardness and abrasion resistance, along with weatherability properties such as 
UV resistance and resistance to water and humidity exposure. The top coat formulation also 
5 enhances having transferred to it a low gloss surface from the matte release coat. In one 

embodiment, the top coat is formulated from a thermoplastic synthetic resinous coating 
which, in dry film form, softens, and deforms under elevated temperatures so that the. three- 
dimensional impressions can be formed in its exterior surface during the embossing step, 
whil e replicating the micro-roughness from the matte release coat to produce the low gloss 

10 surface. The top coat preferably comprises a blend of a thermoplastic fluorinated polymer 

and an acrylic resin as its principal components. The fluorinated^ polymer component is 
preferably a thermoplastic fluorocarbon resin, sue* as polyvinylidene fluoride (PYDF) or 
polyvinyl fluoride (PVp). The fluorinated polymer resin also can include copolymers and 
terpolymers of vinyliidene fluoride or polyvinyl fluoride, or mixtures thereof. One 

15 thermoplastic fluorocarbon useful as the top coat is the PVDF known as Kynar, a trademark 

of Atochem, formerly Penriwalt "Coip ; This polymer is a high molecular weight polymer 
which provides a useful blend of durability and chemical resistance properties* the PVDF 
component preferably comprises frbjm about 65% to about 90% of the total solids present 
. in the top coat. ^ * . L . 

20 . , Th? acrylic resin component of the top coat can be a polymeAylmeftacrylate or a 

poly^hylmethacrylate resin, 'or matures thereof, including methacrylate copolymer resins, 
^ d minor amounts of other (^monomers. The top coat also can include minor amounts of 
r b ! oc ^ copolymers ^d otfaw^^^bau^ to stabilize the blended PVDF and acrylic resin 
system and provide compatibility with the underlying film. 

25 ...... 111 one e °? b ? diin ™ t ^ Pf^P? 1 component of die acrylic resin contained in a top coat 

1 k a medium molecular ^ resin such as Elvacite 2042, a r trademark 

t r..^'"^ 1 * 0111 - T* 1 *^" ^^V^F^^"-^^^ 6 ^ *® t0 P coat, hardens the top coat, arid improves 
adhesion to the imderlying print coat. In its preferred form, the acrylic component comprises 
from about 10% to about 35% of the total solids contained in the top coat formulation. 

30 . _ The PVDF and acrylic based top coat formulation can be prepared as a dispersion of 

the PVDF arid a solution of die achylic resin. In one embodiment, the top coat formulation 
is prepared by mixing the acrylic resin with a suitable organic, solvent and apj>lyipg heat to 
dissolve the resin. Tlie" mixture is thra allowed to, cool sufficiendy before adding the PVDF 
component, so that the PVDF will qot dissolve, but will be maintained as a dispersion in the 

35 acrylic-solvent based mixture! By ihaintairiing the PVDF component as a dispersion in the 

top poat, solvent evaporation during drying of the top coat can be improved. In one 
formulation, a primary solvent can be cyclohexanone, a latent solvent for the PVDF, 
comprising from about 92% tp about 100% of die solvent component. A secondary solvent 
such as n-methyl-2^yrroilindone, preferably comprising up to about 8% of the total solvent 

40 r component, can be us'ed in toe formulation as a solvent for the PVDF to aid in the film 
. formation. 
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Other minor components of the top coat ' formulation can include UV absorbers 
comprising up to about 3 % of the total solids and a dispersing agent such as Solsperse 17000 
(trademark of ICI Americas) useful for reducing the viscosity of the dispersion coating. The 
dispersing agent preferably comprises up to about 4% of the PVDF component. 
Example 1 ' 

Matte release coats 1 and 2 were formulated from the following components: 

Component 



Composition 1: 



Composition 2: 



Release Coat 1: 



Release Coat 2: 



Methyl isobutyl ketone (MIBK) 
Isopropyl alcohol (IPOH ' 
VAGH 
ASP400 

Chempol 13-1501 



Methyl isobutyl ketone 
Isopropyl alcohol 
VAGH 

Chempol 13-1501 v. 



Composition 1 ■, 
Composition 2 
SR107 

S381-N1 ; <: : 

MIBK/IPOH Blend (85/15) 
Cycat4040 

Cymel 303 < * 



Composition ! . . . : 
Composition 2 
SR107 
S381-N1 

MIBK/IPOH Blend (85/15) 
Cyeat 4040 
Cymel 303 • . 



Parts 

38.3 
6.7 
4.8 

44.3 

_L2 
100.0 

56.7 
9.0 
15.1 
_UL2 
100.0 

41.8 
21.1 
1.2 
5.0 
. 21.4 
3.8 
_5J7 
100.0 

39.7 

20.0 
2.0 
9.0 

20.3 
3.6 

, 5.4 
100.0 



40 



45 



50 



1 ! VAGH is a medium molecular weight, partially hydrolyzed vinyl chloridervinyl 
acetate resin (approximately 90% vinyl chloride, 4% vinyl acetate and a hydrpxyl .content 
of 2.3%) sold by Union Carbide, Somerset, New Jersey. — : 

2. ASP400 is an aluminum silicate of average particle size 4.8 microns made by 
Engelhard Corp., Edison, New Jersey, and sold by Jensen-Souder, Itasca, Illinois. . 

3. Chempol 13-1501 is an acrylic oqQdi^'ja]^'i^i's(dittkm.(S0% resin, 50% 
xylol) sold 'by Freeman Chemical Co., Port Washington, Wisconsin. . . 

4. . SR-107 is a silicone resin manufactured by General Electric, Waterford, 
Connecticut, and sold by Fitzchem, Chicago, Illinois. 

5. S381-N1 is a polyethylene wax sold by Shamrock Chemicals Corp. , Newark, 
. New Jersey. . .... < 
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6. Cycat 404p i$ a para toluene sulfonic acid, catalyst (40% by weight in 
isoprppanol) sold by American Cyanamid Co., Walingford, Connecticut. 

7. Cymel 303 is a liquid hexamethoxy-methylmelamine cross-linking, agent sold 
by American Cyanamid. 

5 Composition 1 was produced by dissolving the VAGH resin in an MIBK and IPOH 

blend by mixing in af Cowles mixer, and then adding the Chempol 13-1501 and ASP400 while 
mixing. This mixture was then sandmilled at a temperature of about 110°F to disperse the 
ASP400. 

An exterior top coat was forniulated from the following components: 
10 Component p ar ts 

Cyclohexanone (1) : 40 0 

EIvacite2042 105 

Solsperse 17000 0.1 

15 -~ Tinuvin234 ; ; 0 6 

■ Kynar 301F (PVDF); 27.0 

n-methyI-2-pyrollidone 2.5 

: - 1 Cyclohexanone (2) ; >L> ,■■ v 193 

20 1000 

8 - Elvacite 2042 is a polyethylmethacrylate resin with a weight-average molecular 
weight of 300,000, sold by DuPont, WUmingtoiH Delaware. 

9. Solsperse 17000 is a polymeric fatty ester dispersing agent sold by ICI 
Americas Inc., Wilmington, Deiware,r, 
25 r 10 - Tinuvin 234 is a 2-(3 l ,5 1 ,bis(l-methyl l-phenylethyl)-2 ! . hydroxyphenyl) 

benzotriazole U.V. light stabilizer sold by Ciba Geigy, Hawthorne, New York. 

11. Kynar 301F is a polyvinylidene fluoride polymer sold by Pennwalt Corp., 
Philadelphia, Pennsylvania. ' ^ 

30 " V 1** Elvacite 2042, Soteperee'ltOOO ^ank, Tinuvin 234 were first dissolved in the 
z ^cyclohexanone (1) solvent at a temperature of 130°F and allowed to cool to room 
v temperature. The PVDF was then dispersed in the resin solution using a 14 inch Cowles 
blade at 1800 RPM. The temperature of the PVDF dispersion was kept below 110°F to 
avoid gelation of the dispebibn. Next, the ri-methyl-2-pyroIlidone and the remaining 
35 ^clohexanone (2) were preblended before mixing into "the PVDF dkpereibn v In this 

embodiment, the top coat was nbt pigmented 

Preparation of the Wood Grain Printed Transfer Friil 

The matte release* coat : was gravure coated with a 100 HK gravure cylinder pattern 
40 at a coat weight (dried) of 3 gr/in 2 onto a 75 gauge oriented gloss polyester carrier sheet 

(Hostaphan 2000, sold by Hoechst Celanese, Greer, South Carolina) at 200 feet per minute 
and dried and cross-linked in a 20 foot impinging-air oven (Oven No. 1 in FIG 2) at an air 
temperature of 340 C F (web temperature approximately 220°F); 

Next, the clear coat was coated at a coating weight (dried) of 16 gr/m 2 onto the dried 
45 matte release coat in a reverse-roll coater station on the same coater and dried and fused in 
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a 120 foot three-zone impinging air oven with the air temperatures in the three zones being 
240°F, 340°F, and 340 °F (see FIG. 2). This formed a transparent clear coat on the matte 
release coat of the carrier film. 

To minimize web shrinkage and avoid distortion of the carrier film, web tension was 

5 maintained below 0.8 lbs/linear inch of web width through the drying ovens. 

The dried, coated film was wound as a roll, removed from the first coater and set up 
on the unwind station of a second coater (FIG. 3). The clear-coated side of die coated film 
was then gravure printed at a speed of 200 feet per minute with a series of two grain prints 
and then a size coat. The drying oven temperature was 250°F. The grain inks and the size 

10 coat were made by pigmenting a 25% solution of DuPont's Elvacite 2010, 

polymethylmethacrylate, in a MIBK/toluene blend with pigment dispersions such as GCW 
46-39000 made by Gibraltar Chemical, South Holland, Illinois. The size coat was applied 
using a 137 HK gravure cylinder and contained pigment of about 10% by volume. The 
dried coat weight of the grain coats range*! from 0:1-2 gr/m 2 and the size coat was about 2 

15 gr/m 2 . After drying, the roll of wood grain printed transfer* foil was removed from the 

second coater and installed on an unwind station of the extruder-Jaminator line (FIG. 1). 

Production of Experimental Painted Wood-Lake Vinvl Siding 

A 50% inorganic particle-filled ethylene-vinyl acetate/PVC material with a glass 

20 transition temperature of 61 °C (142 °F) was extruded at a temperature of about 400°F at a 

speed of 35 ft/min and a thickness of about 44 mils. The crossweb width was approximately 
18 inches. The vinyl sheet contained a pigment to provide fte background color of the vinyl 
siding panel. The previously produced wood grain printed transfer foil, was passed, along 
with the extruded film, through the nip of an embossing, station, which included a 12.5 inch 

25 diameter metal embossing roller. The embossing station was approximately five inches from 

the extruder die exit opening so that the extruded film^during transfer and embossing had 
... essentially, the same temperature as the temperature of the extruded .film at the extruder die 
exit opening. The polyester carrier sheet surface was in contact with the metal embossing 
roller, and the size coat was in contact with the extruded film. . 

30 The embossing roll imprinted a three-dimensional pattern in the transfer-decorated 

film which simulated wood grain in the form of painted wood with random lines generally 
in one direction of various lengths, widths and depths spaced about 1 to 2 mm apart with an 
average peak^to-valley height of about 20 to 120 microns. There were some deeper 
embossed lines. When viewed in oblique light, the embossing cast shadows similar to those 

35 , . found with natural painted wood viewed the same {j ,vray. 

The extruded sheet was cooled to a temperature of about 308^ before stripping the 
carrier film from the decorated vinyl sheet at a stripping station downstream from the 
transfer and embossing station. The carrier film had a sufficient thickness (75 gauge or 0.75 
mil) to allow the metal embossing roller pattern to be transferred, while maintaining the film 

40 strength to be hot stripped from the clear coat at a temperature of 308 °F. The release-coated 

carrier sheet was wound for disposal, and the clear-coated, wood grain decorated embossed 
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extruded vinyl material proceeded to forming dies where the siding was formed by shaping 
the edges, punching mounting holes, and then cutting to size. 

Vinyl siding produced by this process using both Release coatings 1 and 2 had 75° 
gloss readings of 14-15 gloss units, giving the look of natural painted or stained wood, 
5 compared to the 40-50 gloss units obtained with silicone coated paper release backings. 

Surface gloss was measured by ASTM test D 3679-86, 5.11. 

Release coat 1 had a tight release during the stripping step, whereas Release coat 2 
. had an easy release, similar to the silicone coated release paper. e When a 100 gauge 
polyester film was substituted for the 75 gauge film used in the previous example, the 
10 embossing depth w;as not deep enough and did not give a pleasing wood-like appearance. 

Example 2 

Viiiyl siding was produced experimentally as described in the previous example using 
a ,75 gauge pplyester^carrier film and using the following release coat: 
15 Release Coat 3: " Parts 

v : Composition 1 ^ ; , ,40.7 

Composition 2 20.6 

SR107 9.0 

20 S381-N1 v,,' , 0 4 

, . MIBK/iPOH blend ' 20.1 - " 

Cycat4040 ' ^ 3.7 

• ■• ^ v: • ' ■ ::•> Cymel 303 .r ? . \" \ ' ; • y * >55 vr * 

. : . . : 100.0 . . 



25 



in the release coat, the hot release of the 



Despite the high level ' of - silicone 
^ release-coated carrier was unacfcept&ly high, and the 75° gioss also increased to 25 gloss 
units. Release was at a temperature of about 308°F. - : 
• Example 3 '• ' ' ' ; ?v - r ' % " * y: ' ** :;;* - ' 

30 To test the effect of changes in the concentration of SR107 silicone reshi and S381-N1 

wax in the release coat on both the gloss and the hot release, a series of formulations were 
prepared, as shown in Table 1. For convenience, lab draw-downs of these formulatibns were 
made on a Mylar carrier, oveirboatesd With the PVDF/acrylic clear-cbat, and then transferred 
to a flat ABS panel. Hot release was done manually at a temperature of 290° to 300°F, and 

35 85° gloss was then measured: The gloss readings were taken with a tri-gloss meter sold by 

BYK-Chemie, Walingford, Connecticut. The data indicated that increasing levels of silicone 
increases the gloss and decreases the release force, whereas increasing the wax level 
decreases the gloss and the release fbrde. Optimum formulations include both the silicone 
and the wax. The 75° gloss measured on production samples is significantlylowe^than the 

40 85° gloss measured on lab samples of the same' formulation. 
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Table 1 * 
Hi>lf«si» Formulations 



Comp. 1 
Comp. 2 
SR107 
10 S381-N1 

MIBK/IPOH 
Cycal4040 
Cyinel 303 



85°Gloss 
Hot Rel. 



4 


5 


6 


7 


50.2 


-47.8 


45.6 


45.3 


25.4 


24.2 


23.1 


23.0 


0.0 


4.7 


9.0 


0.0 


0.0 


0.0 


0.0 


4.5 


14.2 


13.6 


13.1 


18.0 


4.1 


3.9 


3.7 


3.7 


6.1 


5.8 


5.5 


5.5 


100 


100 


100 


100 


"49!0 


57.0 


54.0 


25.0 


Fail 


T 


T 


T 



8 


, 9 . 


10 ; 


11 


12 


43.5 •" 


41.7 


41.9 


40.2 


38.7 


22.0 


21.1 


21.2 


20.3 


19.5 


4.3 


8.2 


0.0 


4.0 


7.6 


4.3 


4.1 


8.3 


8.0 


7.6 


■• 17.1 


16.5 


20.1 


19.3 


18.8 


3.5 


3.4 


3.4 


3.3 


3.1 


- 5.3 


5.0 


5:1 
100 


4.9 


- 4.7 


ipo 


100 • 


100 


100 


30.0 


35.0 


35.0 


25.0 


29.0 


Easy 


Easy 


T 


>■•. .Easy 


Easy 



20 Fail - Adhesive failure between the release .coat and the polyester film . 

T - Tightness (would not be acceptable in production) 
Easy --Releases freely - 

In a test considered a failure, the release coat transfers with the clear coat during 
25 stripping. 

In a test involving tight release, the vinyl tends to transfer with the laminate during 
stripping. 

30 Example 4 

A vinyl siding foil was prepared from formulations similar to Example 1 . The 
resulting coatings were coated onto different types of flexible carriersheets, after which the 
laminates were transferred to flat plastic panels. Eighty-five degree gloss was measured with 
the following results: . . : r I 

35 Table 2 . 

Carrier 85° Gloss Units 

Gloss polyester film 96 



Hoechst Sp-23 - Super 

matte poiyester film 45 



1 Gloss polyester film with 
45 < * the matte release of - 

this invention 16 



Example 5 . 
50 Test panels were subjected to accelerated weatherabUIty tests. Accelerated UV 

resistance, also referred to as QUV, was measured using a standard accelerated test 
procedure to determine long-term UV resistance and other weatherability properties. One 
test includes exposure to UV light and humidity exposure (from water condensation on the 
test panel) to test surface deterioration, color change, gloss change, and loss of coating 



WO 91/05060, , ( PCT/US90/05969 



-19- 

adhesion. Weatherability also was measured with a Modified Sunshine Arc Weatherometer 
test. A standard Sunshine Carbon Arc Weatherometer uses exposure to two carbon arc light 
sources; the modified test procedure used three light sources. The bulbs were contained in 
a cabinet which included a drum for revolving the panel around the light sources. The test 
panel was exposed to the light sources periodically and to a water spray cycle at selected 
time intervals. : : ; 

Delamination between the decorative wood grain paint coat and the extruded- vinyl 
sheet yf as observed when wood grain decorated vinyl siding test panels were exposed to these 
accelerated weathering tests. The siding panels iijMally tested for _ weatherability consisted 
; of the PVDF/acrylic clear coat, acrylic wood grain print inks, and an acrylic size (adhesion) 
coat. The extruded vinyl sheet was pigmented to provide the underlying color coat. 
Delamination of these vinyl siding-panels Was proceeded by UV degradation of the vinyl 
sheet, since discoloration of the vinyl was observed whenever delamination occurred. The 
hours of failure in these tests depended upon ink coverage and pigmentation levels. The 
15 composition of the vinyl siding also was found to be factor in how^soon delamination 

occurred. The following accelerated weathering test results were produced with these vinyl 
siding panels. " ' ' . ^ 



10 



20 



Table 3 



Exposure time 
to Failure 



Modified ? •:.:>'*:.■:. ■* 

„ % V * ;;V:;:; 4 v{ ^;Ji;u<noiox : ... *QUY;/ Sunshine? -V 

25 T t . Descnption ^ Hours Arc 

> >i > : 1 - i; Gr^y, woqcLgrata yi r v- .1000 Not Tested. v r 

3Q 2 Grey/green wood grain 1500 43 cycles 7 v " " f : 

3 Milky oak wood grain" ~" 2000 43 cycles 

4 Barn red wood grain 1500 " 43 cycles 

35 A pigmented acrylic color coat was coated behind the wood grain inks to test its 

protection of the PVC sheet from UV degradation. This color coat is shown, for example, 
at 80 in the laminate illustrated in FIG. 6. Laboratory samples were prepared using acrylic 
color coats pigmented with exterior grade titanium dioxide and mixed metal oxide (MMO) 
pigments. These samples exceeded 3500 hours of QUV testing without delamination. 

40 However, these same samples were found to delaminate when exposed to the specially 

modified Sunshine Arc Weatherometer (one cycle is one hour "on" and one hour w qfF). 
The delamination occurred between the PVDF/acrylic clear coat and the color coat, with the 
I grain inks splitting! Test results were as follows: 
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Table 4 



Exposure time 
to Failure 

5 Color Coat Modified. 

Test Grain Pig. QUV Sunshine 

No. Ink Resin Vol. Hours Arc 

5 Acrylic Acrylic 35% 3500 109 cycles 
10 . , , (Fail) 

6 Acrylic Acrylic 45% 3500, , 239 cycles 
1 (Fail) 

15 As a follow-up to these tests, the addition of more UV absorber to the clear coat and 



including UV absorbers in the grain and color coats was found to retard delamination failure 
in QUV testing, but improvement was limited, c 

Replacing the acrylic resin in the grain ink : coats and color coats with blends of 
fluoropolymer resin and acrylic resin was evaluated.; The two fluoropolymers evaluated were 
20 Pennwalt's Kynar 7201 and Kynar 9301 (also known as Kynar ADS). The Kynar, 7201 

constructions with the fluoropolymer in both the grain inks and color coats produced the best 
resistance to delamination. Laboratory samples were exposed to 700 cycles in the specially 
- modified Sunshine Arc test and 3500 hours in the QUVvtest with no delamination or tape- 
,off. Kynar 9301 constructions with the fluoropolynieriin both the grain inks and color coats 
25 showed only slight tape-off after 700. cycles; mr the ? specially modified Sunshine Arc 

Weatherometer, and no failure after 3500 hours in th&QUV test. The test results wore as 
follows: •' ■ "v j ; 

Table 5 



30 Exposure time 

to Failure 

Cblor Coat Modified 





Test , 
No. 


Grain 
Ink 


Resin 


Pig. 

vol. 


QUV 
' Hours 


Sunshine 
Arc 


35 


•• ■ 7 : 


Acrylic 


Kynar 
7201/ 
Acrylic 


35% ; 


3500 


700 cycles 
(Slight 
Tape-off) 


40 


8; 


Acrylic 


Kynar 
7201/ 
Acrylic 


45% ; 


3500 . 


700 cycles 
* (Fail) 


45 


9 


Kynar 
7201/ : 
Acrylic 


Kynar 
7201/ . 
Acrylic 


45% 


3500 


700 cycles 
(Good) 


50 


10 


Kynar 
7201/ 
Acrylic 


Kynar 
: 7201/ 
Acrylic v 


: ■ 45%,, 


3500 


700 cycles 
(Good) 




11 


. Kynar 
9301/ 
Acrylic 


Kynar 
9301/ 
Acrylic 


35% 


! 3500 


700 cycles 
(Slight 
Tape-off) 
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The test results showed good long-term weatherability of vinyl siding panels having 
a decorative coating which includes at least an underlying color coat containing at least a 
weatherable fhioropolymer resin containing a level of pigment sufficient to block UV 
5 radiation and thereby retard delamination by inhibiting UV degradation of the vinyl sheet. 

Example 6 

The use of mixed metal oxide (MMO) pigments in the wood grain print inks is 
desirable because of the excellent durability of mixed metal oxides and the availability of an 

10 I.R. reflective, mixed metal black pigment which minimizes heat build-up in the wood grain 

c decorated vinyl siding. However, the mixed metal oxide pigments can result in excessive 
gravure cylinder wear when the grain ink print patterns are coated by a gravure cylinder. 
This can increase manufacturing costs and disrupt production by requiring the cylinders to 
be rechromed at less than 50,000 linear:feet intervals. Anattempt was made to use carbon 

15 v black, along with exterior durable organic pigments to resolve the cylinder wear problem. 

The wood grain decorated vinyl siding made in this way exceeded the acceptable heat build- 
up temperature and could result in warpage or "oil canning" of the* vinyl siding during use/ 
To resolve this problem, grain ink pigments were produced rematchingrthe original color 
standards by using a blend, of organic pigments comprising Ghromophatal' BroWn 5R and? 

20 - Chromophatal Blue,A3R (both trademarks of Ciba GeigyV /These organic pigments were 

used in place of the carbon blacky along with other durable organic pigments; Vinyl siding 
: made using inks made with ".this, all-organic system had acceptable heat buildrup temperatures? 
(Temperatures of 140°F and above are considered unacceptable.) Heat build-up test results 
were as follows: >, r; 

25 Table 6 

, - Infra-Red Heat Lamp Heat Build-Up (°F) 

30 



35 



40 



Min. 


; White- 
Std. 


Carbon \ 
Black : 
Std. 


: Grey/ 
Green 
W/MMO's 


Grey/Green'. 
w/Carb. Blk' - ~ 
No MMO's 


Grey/Green 
No Carb Blk 
No MMO's 


0 


': ; ' 73 


78 . 


74 


79 


79 


1 ! - 


89 


110 


86 


99 


89 


3 


101 


124 


92, 


110 


95 


6 


108 


133 


97 . 


118 


99 


9 


'> -•' 116 * 


150 . 


107 


129 


110 


12 


121 


159 


114 • 


135 


116 


15 


124 


164 


119 . 


139 


120 


20 


.,. 125 


167 


122 


141 - ■> 


123 


25 


• 127 ■ 


168 


124 ; 


143.. 


125 


40 


''■ 128 


172 v 


126 


141 


127 



In certain instances, the invention can be carried out to produce outdoor weatherable 
45 panels that do not have an embossed' wood grain or a low gloss surface finish resembling 

natural wood or the like. For instance, it has been found that weatherable coatings 
containing a fluoropolymer resin, such as the PVDF or PVF resins, can be coated onto a 
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carrier sheet and later transferred to an extruded plastic sheet or pztnel* as described above. 
These fluoropolymer resin coatings can be blended with acrylic coatings, such as 
polymethylmethacrylate or polyethylmethacrylate resins. These coatings are cast on the 
carrier sheet, preferably in a dry coating thickness in the range of about 0.5 to about 1.5 

5 mil. The preferred' weatherable film is a clear coat/color coat combination with the color 

coat containing a pigment at a level to provide opacity sufficient to retard UV degradation 
of the extruded sheet during use. The extruded sheet can be made from a vinyl polymer, 
although polyester, polyolefins, and the other extrudable materials described above for the 
extruded film 12 also can be used. The weatherable decorative coating is transferred to the 

10 - extruded sheet under the pressure and temperature levels described above with respect to the 
process illustrated in FIG. 1 . The hot laminating of the weatherable polymer cladding to the 
heated extruded sheet as it comes cut of the extruder die opening produces a good bond 
between the weatherable decorative coating and the extruded sheet. 

The invention has been described in relatioh-to its use with extruded plastic siding 

15 i: panels, although other similar uses are contemplated, such as window and door moldings, 
rain gutters, and other outdoor structures, for example. 
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V WHAT IS CLAIMED IS: , - 4 

1. A process for making plastic panels with an embossed decorative surface, 
comprising: •. - 

extruding a plastic sheet under heat through an extrusion die exit opening; 
overlaying on the;extruded sheet a transfer laminate which includes a flexible 
carrier she^ having coated thereon (a) a decorative matte release layer bonded to the carrier 
sheet and (b) adecoratiye coating on the matte release layer facing toward the extruded 
sheet; _ .: . :; .-. . ' 1 - 

; applying pressure to the transfer laminate and to the extruded sheet with an 
embossing roll pn the side of the .carrier opposite from the extruded sheet, said pressure 
being .applied while the temperature, of the extruded sheet is maintained; sufficiently near its 
extrusion die exit temperature ttv thereby transfer the< decorative coating from the matte 
release layer and bond the decorative coating to the extruded sheet, while the embossing roll 
15 : embosses three dimensional impressions in the pliable outer surface of the decorative coating 

transferred to the extruded sheet; and, r v: ^ t . 

releasing the carrier sheet and its matte release layer from the decorative 
coating transferred to the plastic extrusion, after said impressions have set permanently 
through a temperature reduction, said matte release layer comprising a synthetic resinous 
20 coating dried to a film thickness and containing therein a matte agent which produces on the 

matte release layer a surface with a micro-roughness sufficient to transfer a low surface gloss 
level to the outer surface of the transferred decorative coating; said matte release layer 
farther including a release agent which enables release of the matte release layer and its 
carrier at elevated temperatures from the embossed low gloss surface of the decorative 
25 coating. 

2. The process according to claim 1 in which the surface gloss level transferred 
to the decorative coating has a 75° gloss level of less than about 20 gloss units. 

30 3 - The process according to claim 2 in which the 75° gloss level is less than 

about 12 gloss units. 



35 



4. The process according to claim 2 in which the transferred gloss level and 
embossed impressions resemble a natural wood grain or painted wood grain surface. 

5. The process according to claim 1 in which the decorative coating includes a 
fluoropolymer resin. 

6. The process according to claim 5 in which the fluoropolymer resin is selected 
40 from the group consisting of PVF, PVDF, copolymers or terpolymers thereof, or mixtures 

of said PVF and PVDF components. 
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7. * The process according to claim 5 in which the fluoropolymer resin is blended 
with an acrylic resin. 

5 8. The process according to claim 7 in which the acrylic component includes 

polymethylmethacrylate or polyethylmethacrylate, or copolymers thereof. 

9. The process according to claim 7 in which the PVDF component is present 
in the range greater than about 40%. 

10 

10. The process according to claim 1 in which the matte release layer comprises 
a thermosetting resinous material containing a dispersion of inorganic filler particles for 
producing said micro-roughness. 

15 11. The process according to claim 1 in which the average embossing depth is 

from about 20 microns to about 120 microns'. 

12. The process according to claim 1 in which the transfer and embossing steps 
are carried but at a temperature from about 385° to 400°F. 

20 ' - : - 4 • '* ;: "/' " ' "' ' ' " ~ w ' "/"'" ". '""V"' V* , 

13; The process according to claim 1 in which the release agent in the matte 
release layer includes a dispersed wax. 

14. The process according to claim 13 in which the wax component is a 
25 polyethylene wax. 

* ; 15. The process according to claim 13 in which the release agent in the matte 
release layer further includes a silicone resin component. 



30 16. The process according to claim 13 in which the wax component is suspended 

in the matte release layer at temperatures below the transfer and embossing temperature, and 
in which the wax component in its suspended form enhances transfer of said low surface 
gloss to the decorative layer. 

35 17. The process according to claim 16 in which the wax component is meltable 

at the transfer and embossing temperature to enhance releasing from the matte release coat. 

18. The process according to claim 1 in which the extruded sheet is made from 
a thermoplastic material. 

40 19. The process according to claim 18 in which the thermoplastic extrusion 

contains PVC. 
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20. The process according to claim 1 in which the decorative coating includes a 
weatherable clear coat and an underlying color coat containing pigment in a level sufficient 
to retard UV degradation of the extruded sheet. 

5 . t . . 

21. The processing to, claim 20 in which die clear coat and color cqat each contain 
a fluoropolymer resin. 

22. The process according to claim 1 in which the decorative coating includes a 
10 continuous paint coat containing pigment at a level sufficient to retard UV degradation of the 

extruded sheet. ^ 

23. The process according to claim 1 in which the decorative coating includes one 
or more print coats formed by an ink containing an organic pigment. 

is m , , f . y ; 

24. A process for making plastic ppels with an embossed decorative surface, 
comprising: 

extruding a plastic sheet; : 

overlaybg on jthe exuded sheet a transfer : lammate which includes, a flexible 
20 carrier sheet having coated thereon (a) a decorative matte release layer bonded to the carrier 

. sheet and (b) a decprative ^ coating on the matte release layer facing toward the extruded 
sheet; " ' / ' ^ 

applying pressure to the transfer laminate and to the extruded sheet with an 
embossing roll on the sidie of die carrier opposite from the extruded ; sheet, said pressure 
25 being applied when the temperature of the extruded sheet is sufficient to. transfer the 

decorative coating from the matte release layer and bond the decorative coating to the 
, extruded sheet, while the embossing roll embosses three-dimensional impressions in the outer 
surface of the decorative coating transferred to ; the extruded sheet; and 
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releasing the carrier sheet and its matte release layer from the decorative 
coating transferred to the plastic extrusion, said matte release layer comprising a synthetic 
resinous coating dried to a film thickness and containing therein (1) a thermosetting synthetic 
resinous material bonding the matte release coat to the carrier, (2) a fine particulate filler 

5 dispersed in the resin so that,' in dry film form, the filler contained in the resin produces a 

surface with a micro-roughness sufficient to transfer a low surface gloss to the outer surface 
of the transferred decorative coating, and (3) a wax component and a silicone resin 
component for enhancing release of the matte release layer from the embossed low gloss 
surface of the decorative coating. 

io " ' " ; ' 

25. The process according to claim 24 in which the surface gloss level transfer 
to the decorative coating has a 75° gloss level of less than about 20 gloss units. 

26. The process according to claim 25 in which the 75° gloss level is less than 
15 about 12 gloss units. / 

27. The process according to claim 24 in which the decorative coating includes a 
fluoropolymer resin. 

20 28. The process according to claim 24 in which the wax component is suspended 

in the matte release layer at temperatures below ihe trmsferred embossing temperature; and 
in which the wax component, in its suspended form, enhances transfer of said' low surface 
gloss to the decorative layer. 

25 29. The process according to claim 28 in which-the wax component is meltable 

at the transfer and embossing temperature to enhance releasing the matte release coat. 

30. The process according to claim 28 in which the wax component is a 
polyethylene wax. 

31. The process according to claim 24 ih which the decorative coating includes a 
continuous paint layer containing a pigment at a level Sufficient to retard UV degradation of 
the extruded sheet. r ; 

35 
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32 * ; - F ? r me ? 5 P«>cess for making substrate panels with an outer surface coat 
transferred by heat and pressure in a dry transfer process, a transfer sheet adapted for bring 
overlaid on the substrate panel, the transfer sheet comprising a flexible carrier sheet having 
coated thereon (a) a matte release layer bonded to the carrier sheet, and (b) a decorative 
5 coating on the matte release layer, for facing toward the substrate panel, the decorative 

coating being releasable from the matte release layer under heat and pressure for bonding it 
to the substrate panel and for applying a low gloss surface to the transferred decorative 
coating from the matte release layer, the matte release layer comprising (1) a synthetic 
resinous coating dried to a film thickness and containing therein « thermosetting resinous 

10 component bonding the resinous coating to the carrier sheet, (2) a fine particulate filler 

dispersed in the resinous coating so that when the resinous coating is dried to its film 
thickness, the dispersed filler transfers a, low gloss surface to the surface of the transferred 
decorative coating, (3) a wax component contained in the synthetic resinous coating for 
enhancing release of the matte release layer from the transferred decorative coating, and (4) 

15 a silicone resin component in the synthetic resinous coating further enhancing release 

properties. 

33. The transfer sheet according to claim 32 in which the surface gloss level 
transferred to the decorative coating has a 75° gloss level of less than about 20 gloss units. 



20 



35 



, ; 34. pie transfer sheet according to the claim 33 in which gloss the 75° level is 
... t ^ . less, than about, 12 5 gIoss units^- . .... . ; ■ 

35. The transfer sheet according to claim 32 in which the decorative coating 
25 , ^ includes a weatherable fluoropplymer resin. r -, r . : < 

36. The transfer sheet according to claim 32 in which the wax component is a 
: polyethylene wax. ; ... - * . V .. T v , 

30 37 * The transfer sheet according to claim 32 in which the wax component is in 

, . suspended form in the matte rele^e layer at a .-transfer, temperature, for enhancing transfer 
of sai £ 1( W surface gloss to; the decorative layer; and in which the wax component can be 
melted at a temperature lower than the transfer temperature to enhance releasing the matte 
release coat from the transferred low gloss surface. 



38. The transfer sheet according to claim 32 in which the decorative coating 
comprises a continuous paint coat containing a pigment at a level sufficient to retard UV 
degradation of the extruded sheet. 
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39. The transfer sheet according to claim 32 in which the decorative sheet contains 
one or more printing inks in which the pigment component consists essentially of an organic 
pigment. 

5 40. A process for making plastic panels with a decorative surface, comprising: 

extruding a plastic sheet under heat through an extruder die exit opening; 
overlaying on the extruded sheet a transfer laminate which includes a flexible 
carrier sheet having coated thereon (a) a matte release layer bonded to the carrier sheet and 
(b) a decorative coating on the matte release layer facing toward the extruded sheet; 

10 applying pressure to the transfer laminate and to the extruded sheet with a 

pressure roll on the side of the carrier opposite from the extruded sheet, said pressure being 
applied while the temperature of the extruded sheet is maintained sufficiently near its 
extrusion die exit temperature to thereby transfer the/ decorative coating from the matte 
release layer and bond the decorative coating to the extruded sheet; and 

15 releasing the carrier sheet and its matte release layer from the decorative 

coating transferred to the plastic extrusion, said matte release layer comprising a synthetic 
resinous coating dried to a film thickness and containing therein a matte agent which 
produces on the matte release layer a surface with a micro-roughness sufficient to transfer 
a low surface gloss level to the outer surface of the transferred decorative coating. 

20 

41. The process according to claim 40 in which said matte release layer further 
includes a release agent which enables release of the matte release layer and its carrier at 
elevated temperatures from the low gloss surface of the decorative coating. 

25 42. The process according to claim 40 in which the surface gloss level transferred 

to the decorative coating has a 75° gloss level of less than about 20 gloss units. 

43. The process according to claim 42 in which the 75° gloss level is less than 
about 12 gloss units. 

30 

44. The process according to claim 40 in which the decorative coating includes a 
fluoropolymer resin. 

45. The process according to claim 40 in which the matte release layer comprises 
35 a thermosetting resinous material containing a dispersion of inorganic filler particles for 

producing said micro-roughness . 

46. The process according to claim 40 in which the release agent in the matte 
release layer includes a dispersed wax. 

40 
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47. The process according to claim 46 in which the wax component is a 
polyethylene wax. V . 

48. The process according to claim 46 in which the release agent in the matte 
release layer further includes a silicone resin component. 

49. The process Recording to claim 40 in which the decorative coating comprises 
a continuous paint coat containing a pigment at a level sufficient to retard UV degradation 
of the extruded sheet. 

50. , The process according to claim 40 in which the extrusion contains PVC. 



. t . 51. The process according to claim 40 in which the decorative layer contains one 

or more printing inks in which thepigment component consists essentially of an organic 
15 pigment. 



DCID: <WO 910566OA1_l_> 



WO 91/05660 PCT/US90/05969 

-30- 

52. A process for making outdoor weatherable decorative clad plastic panels 
comprising: 

extruding a plastic sheet under heat through an extrusion die exit opening; 
overlaying on the extruded sheet a transfer laminate which includes a flexible 
5 carrier sheet having thereon a decorative coating which has been cast on the carrier sheet and 

dried, the decorative coating facing toward the extruded sheet; 

applying pressure to the transfer laminate and to the extruded sheet with a 
pressure roll on the side of the carrier opposite from the extruded sheet, said pressure being 
applied while the temperature of the extruded sheet is maintained sufficiently near its 
10 extrusion die exit temperature to thereby transfer the decorative coating from the carrier and 

bond it to the extruded sheet; and 

releasing die carrier sheet from the decorative coating transferred to the plastic 
extrusion, in which the decorative sheet comprises a weatherable polymeric resinous coating 
and includes a fluoropolymer resin and a pigmented color coat with pigment contained 
15 therein at a sufficient level to retard UV degradation of the extruded stfeet following the 

transfer lamination step. 

53. The process according to claim 52 in which the weatherable decorative coating 
includes an outer clear coat and an underlying color coat visible through the clear coat. 

20 

54. An outdoor weatherable decorative clad plastic panel comprising a substrate 
panel and a decorative coating bonded to the paneLand jcomprising a weatherable top coat 
and an underlying color coat visible through the top coat*- the top coat and color coat each 
containing a fluoropolymer resin, the color coat containing a sufficient amount of pigment 

25 to retard UV degradation of the substrate panel, the top coat having a 75° surface gloss level 

of less than about 20 gloss units. 
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